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ABSTRACT
The surface morphology of Chinese hamster ovary cells treated with cytochalasin B (CB)
has been examined using the scanning electron microscope . The cells respond to treat-
ment with CB by retracting peripheral processes, rounding up, and assuming a smooth
or gently convoluted surface . This response occurs within minutes. Cells in different
stages of the cell cycle all respond in a similar manner . When CB is removed from treated
cells by washing with conditioned medium, the cells regain their normal surface conforma-
tion within minutes. The surface topography of these released cells is characteristic of
their stage in the cell cycle. Because CB causes an alteration in the morphology of the
cell surface and because of the speed of the response and recovery, it is proposed that
the primary site of action of CB is the cell surface .
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INTRODUCTION
Cytochalasin B (CB) has many interesting effects
on cellular morphology and on diverse other cellu-
lar activities. Early reports emphasized its dis-
ruptive effect on microfilaments (Wessells et al.,
1971), but recently many workers have suggested
that the primary site of action is the cell surface
membrane. (See Discussion in preceding paper,
Everhart and Rubin, 1974.) In the preceding
paper we demonstrated that CB applied to cells at
certain times in the cell cycle can block the normal
acquisition of the capacity to transport thymidine .
It has previously been demonstrated (Porter et
al., 1973; Rubin and Everhart, 1973) that specific
structural changes occur in the cell surface as
cells progress through the cell cycle. It was there-
fore of interest to study the morphological effects of
CB as related to the cell cycle stages. We have
taken advantage of recent improvements in meth-
ods of preparation of samples for the scanning
electron microscope . The improved resolution
that resulted has allowed new insight into the
interaction of CB with the cell surface.
MATERIALS AND METHODS
Chinese hamster ovary (CHO) cells were grown in
Ham's F-12 medium supplemented with 10% fetal
calf serum. The maintenance of stock cultures and
growth of cells on cover slips were as described in the
preceding paper (Everhart and Rubin, 1974). Prepa-
rations of mitotic cells were obtained by the shake-off
technique described by Tobey et al . (1967). These
cells were plated onto cover slips at low density and
allowed to grow for several hours, after which time no
cells had entered S. These preparations possessed the
typical GI morphology described by Porter et al.
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leucinee synchronization procedure of Tobey and Ley
(1971) and modified for monolayer cultures by Ever-
hart (1972) .
CB was obtained from Imperial Chemicals Indus-
tries, Ltd., Cheshire, England. Stock solutions were pre-
pared in dimethyl sulfoxide (DMSO) at a concentra-
tion of I mg/ml. At the concentrations of CB used
(1-10 µg/ml), this concentration of DMSO had no
observable effect on the surface morphology of CHO
cells as studied in the scanning electron microscope .
Cells were released from CB treatment by washing
twice with conditioned medium obtained from repli-
cate cover slip cultures grown under identical condi-
tions but lacking CB.
Cover slip cultures of cells were prepared for scan-
ning electron microscopy by the procedures described
by Porter et al. (1972). Briefly, this involved fixation
in glutaraldehyde, critical point drying from acetone,
and coating with carbon and gold.
RESULTS
We have studied the effects of CB at various con-
centrations and different times of treatment on
Chinese hamster ovary cells possessing two differ-
ent morphologies. Cells initially plated out at very
low densities in GI possessed a rounded, highly
blebbed morphology as seen in Fig. 1 and as pre-
viously reported (Rubin and Everhart, 1973).
When these cells were treated with 5 µg/ml of CB,
the blebs began to disappear within 5 min . At the
end of 15-20 min, most of the surface had become
gently convoluted (Fig. 2). Concurrent with this
change was the appearance of small groups (usu-
ally localized toward the periphery) of very small,
irregularly shaped blebs (Fig. 3) . Treatment be-
yond 30 min produced little noticeable added
effect (Fig. 4). When the drug was removed by
washing with conditioned medium, the cells began
to return to their original ; blebbed morphology
within 2.5 min (Fig. 5). After 10 min, many cells
were indistinguishable from controls although 45
min is usually required for all cells to have regained
their fully blebbed configurations (Fig. 6).
Cells synchronized in S and G2 by isoleucine
deprivation are generally flat (Fig. 7), and there-
fore, show more pronounced shape changes under
the influence of CB than GI cells. Within 5 min
the microvilli of these cells disappear. After 10
min a pronounced retraction of the peripheral cel-
lular processes is observed. The resulting morphol-
ogy is shown in Fig. 8. At this time a convoluted
topography of the cell surface has also become ap-
parent. After 20 min the drug has generally
achieved its maximal effect; the cells are oblong or
rounded with many long extensions leading to the
periphery of the original cellular margins (Fig . 9) .
The complete loss of normal microvilli and the
occasional appearance of irregular bleb like ex-
tensions (different from those on normal G I cells,
Fig. 1) are evident at this time . Little deviation is
noted from this morphology for cells examined at
1, 2, and 3 h. When higher concentrations of CB
are used (up to 20 µg/ml) the effects are identical,
but the time-course is more rapid with maximal
effect occurring between 10 and 15 min (Fig . 10) .
When the concentration is reduced to 1 µg/ml, no
morphological change was seen after as much as 2
h.
When the CB is removed from S and G2 cells
treated with 5 µg/ml CB, a distinct alteration can
be noted within 5 min. The cells begin to spread
out and flatten onto the surface (Fig . 11). 10 min
after release the surface topography of S and GI
cells can be recognized, and after 15-20 min the
cells are almost indistinguishable from untreated
controls (Fig. 12) . The appearance of microvilli,
some blebbing over the central regions of the cell,
and a highly flattened overall morphology are ob-
served in the majority of these cells.
Irrespective of the original cellular morphology,
cells always undergo the same general sequence of
events after application and then removal of CB
at 5µg/ml. The cell surface changes occur imme-
diately after the addition of CB and before gross
changes in cell shape . On addition of the drug, all
normal cellular surface processes retract and dis-
appear. These reductions are first observed as soon
as 2 min after CB application. Retraction is rapidly
followed (within 10 min) by a convolution of the
surface and the appearance of irregular blebs. Gen-
eral retraction of the cellular margins is observed
after the initial surface changes have occurred. On
removal of the drug these events are repeated in
the reverse sequence, except that again the surface
responds (i.e., it returns to its normal G1, S, or G2
configuration) more rapidly than the overall cellu-
lar morphology.
DISCUSSION
We have observed two separate responses of cells
to CB treatment. The first is a rapid response of the
cell topography, i.e., the fine structure of the cell
surface. Cells respond by losing blebs and micro-
villi and taking on a coated appearance . The sec-
ond response takes more time and involves the
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FIGURE Q G, cells treated with CB for 5 min. X 1,000.
FIGURE 3 G, cells treated with CB for QO min. X 1,000.
FIGURE 4 G, cells treated with CB for 1% h. X 1,000.
FIGURE 5 G, cells treated with CB for 1 h and then released for 10 min by washing with conditioned
media. X 1,000.
FIGURE 6 CB treated G, cells released for 10 min. X 1,000.FIGURE 7 Untreated G2 and S cells synchronized by isoleucine deprivation . X 1,000 .
FIGURE 8 G2 and S cells treated with CB for 10 min . X 1,000 .
FIGURE 9 Same as Fig . 8 but treated for 20 min . X 1,000 .
FIGURE 10 Same as Fig . 8 and 9 but treated for 15 min with 20,ug/ml . X 1,000 .
FIGURE 11 S and G2 cells treated with CB (5 µg/ml) for 1 h and released for 5 min. X 1,000 .
FIGURE 12 Same as Fig . 11 but released for 20 min . X 1,000 .shape of the cell . Cells tend to round up, pull in
their peripheral cytoplasm, and become stellate or
arborized. These changes in shape have been ob-
served by others at the light microscope level
(Goldman, 1972 ; Sanger and Holtzer, 1972) .
The initial response to CB is very rapid, being
seen at the earliest time that cells were examined
(2 min). Goldman (1972) also reports inhibition of
ruffling upon addition of CB within minutes.
Spooner et al. (1971) saw complete cessation of cell
movement by 5 min . Zigmond and Hirsch (1972)
found inhibition of 2-deoxyglucose uptake within
15 s of application of the drug. These rapid re-
sponse times suggest that the mode of action of CB
is a direct one not requiring secondary metabolic
changes such as protein or RNA synthesis. We
therefore propose that the rapid response of the
cell surface reported here results from an inter-
action of CB with some component of the cell
surface. This has been suggested on morphological
grounds by Goldman (1972, 1973) . In the pre-
ceding paper (Everhart and Rubin, 1973), we
discussed biochemical evidence that CB interacts
with the cell surface .
The speed of recovery of normal surface mor-
phology after removal of CB suggests that the drug
is rapidly washed away . This suggestion is con-
sistent with the proposal that CB binds to the out-
side of the cell. However, other possibilities exist,
such as that CB is rapidly broken down inside the
cell. Cells recover the morphology that is charac-
teristic of their stage in the cell cycle . This implies
that, during treatment, information persists in the
cytoplasm which can impart on the cell surface its
characteristic morphology . This conclusion has
also been reached by Goldman et al . (1973) .
The slower response of overall cell shape due to
peripheral cytoplasmic retraction could result from
an effect of CB on microfilaments as proposed by
Wessells et al. (1971) . However, Goldman (1972)
has shown that 5-10µg/ml CB does not uniformly
disrupt the microfilaments in baby hamster kidney
(BHK-21) cells. Our results shed no light on this
conflict. It is possible that binding of CB to the cell
surface could affect the attachment of microfila-
ments without disrupting the microfilaments them-
selves.
We thank Virginia Fonte for her expert technical
assistance.
446
	
THE JOURNAL OF CELL BIOLOGY • VOLUME 60, 1974
This work was supported by National Institutes of
Health postdoctoral fellowships 1 F02 NS51,111 and
5 F02 GM50354-02 to the authors, grant 1-R01-
CH 123-02 from the National Cancer Institute to Dr.
David Prescott, NIH grant RR 06084-05 to Dr. Keith
Porter, and NIH training grant GM02118-03 to the
Department of Molecular, Cellular, and Develop-
mental Biology, University of Colorado.
Received for publication 17 May 1973, and in revised form
29 August 1973.
REFERENCES
EVERHART, L. P. 1972. Effects of deprivation of two
essential amino acids on DNA synthesis in Chinese
hamster cells. Exp. Cell Res. 74:311 .
EVERHART, L. P., and R. W RUBIN. 1974. Cyclic
changes in the cell surface. I. Change in thymidine
transport and its inhibition by cytochalasin B in
Chinese hamster ovary cells. J. Cell Biol. 60:434.
GOLDMAN, R. D. 1972. The effects of cytochalasin B
on the microfilaments of baby hamster kidney
(BHK-21) cells. J. Cell Biol. 52:246.
GOLDMAN, R. D., G. BERG, A. BUSHNELL, C.-M.
CHANG, L. DICKERMAN, N. HOPKINS, M. L. MILLER,
R. POLLACK, and E. WANG. 1973. Fibrillar systems
in cell motility. Ciba Found. Symp. 14:13.
GOLDMAN, R. D., R. POLLACK, and N. H. HOPKINS.
1973. Preservation of normal behavior by enucle-
ated cells in culture. Proc. Natl. Acad. Sci. U. S. A.
70:750.
PORTER, K. R., D. KELLEY, and P. M. ANDREWS.
1972. The preparation of cultured cells and soft
tissues for scanning electron microscopy. In Pro-
ceedings of the Fifth Annual Stereoscan Scanning
Electron Microscope Colloquium. Kent Cambridge
Scientific, Inc., Morton Grove, Ill.
PORTER, K. R., D. PRESCOTT, and J. FRYE. 1973.
Changes in surface morphology of Chinese hamster
ovary cells during the cell cycle . J. Cell Biol. 57 :815.
RUBIN, R. W., and L. P. EVERHART. 1973. The effect
of cell-to-cell contact on the surface morphology of
Chinese hamster ovary cells. J. Cell Biol. 57:837.
SANGER, J., and H. HOLTZER. 1972. Cytochalasin B:
effects on cell morphology, cell adhesion, and mi-
cropolysaccharide synthesis. Proc. Natl. Acad. Sci.
U. S. A. 69 :253.
SPOONER, R. S., K. M. YAMADA, and N. K. WESSELLS.
1971. Microfilaments and cell locomotion. J. Cell
Biol. 49 :595.
TOBEY, R. A., D. F. ANDERSON, and D. F. PETERSEN.
1967. Properties of mitotic cells prepared by me-
chanically shaking monolayer cultures of Chinese
hamster cells. J. Cell Physiol. 70:63.ToBEY, R. A., and K. D. LEY. 1971. Isoleucine-medi-
ated regulation of genome replication in various
mammalian cell lines. Cancer Res. 31 :46.
WESSELS, N. K., B. S. SPOONER, J. F. AsH, M. O.
BRADLEY, M. A. LUDUENA, E. L. TAYLOR, J. T.
WRENN, and K. M. YAMADA. 1971. Microfilaments
in cellular and developmental processes . Science
(Wash. D.C.). 171 :135.
ZIGMOND, S. H., and J. G. HiRscH. 1972. Cytochala-
sin B: inhibition of D-2-deoxyglucose transport
into leukocytes and fibroblasts . Science. (Wash.
D.C.). 176:1432.
LEIGHTON P. EVERHART AND ROBERT W. RUBIN Cytochalasin B and the Cell Surface . II 447